SUMMARY The evolution and characteristics of diabetic rubeosis were studied in 33 eyes, and the following vascular abnormalities were found: (1) Dilated leaking capillaries around the pupil; (2) irregular or slow filling of the radial arteries; (3) superficial arborising newly formed vessels, usually starting in the chamber angle; and (4) dilatation and leakage of the radial vessels either before or after the development of neovascular glaucoma. None of the vascular changes was specific for diabetes. Four grades of diabetic iridopathy were distinguished on the extent of rubeosis: I, peripupillary vessel dilatations with leakage; II, early neovascularisation mainly in the chamber angle; III, prominent rubeosis with or without neovascular glaucoma; and IV, florid rubeosis.
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Abnormal vessels in the iris in diabetic patients were first observed by Salus (1928) , who called the condition rubeosis iridis. Neovascularisation of the iris is often followed by neovascular glaucoma, with its associated blindness and pain. During the last few years more attention has been paid to diabetic rubeosis, because neovascular glaucoma is one of the commonest postoperative complications in diabetic patients after vitrectomy (Michels, 1978) .
In this paper the characteristic vascular changes of the iris in diabetic eyes are described, and a classification of diabetic rubeosis is presented.
Patients and methods
Thirty-three eyes with varying severity of diabetic iridopathy were studied by fluorescein angiography of the iris. In many of them several angiographies were performed during the course of the disease at a few months' interval. Each of the patients received thorough ophthalmological examination, including testing of visual acuity, tonometry, biomicroscopy, gonioscopy, and ophthalmoscopy. In most eyes fundus photography and fluorescein angiography were also performed.
In iris fluorescin angiography the technique described in detail by Vannas (1969) 
Results
The following types of vascular abnormalities in the iris were revealed by fluorescein angiography: (1) Dilated leaking vessels around the pupil; (2) irregular or slow filling of the radial arteries; (3) superficial arborising neovascularisation, usually starting in the chamber angle; and (4) dilatation and leakage of the radial vessels, particularly arteries.
On the basis of the angiographic findings 4 grades of diabetic iridopathy were separated.
Grade L. Peripupillary vessel dilatations with leakage. Dilated leaking capillaries around the pupil were the first abnormalities found on the iris angiograms (Fig. 1) . Irregularities in the filling of the radial vessels were seen (Fig. la) , but no avascular areas were present. There was no leakage from the radial vessels, but dilated peripupillary capillaries leaked profusely (Fig. lb) .
Peripupillary vessel dilatations were either uniocular or more usually binocular. Most of these vessels were also seen by biomicroscopy, particularly in red-free light. Peripupillary changes were also seen in eyes with fairly mild retinopathy, and they have been found to remain unchanged for several years.
Grade Il. Early neovascularisation mainly in the 150 group.bmj.com on November 7, 2017 -Published by http://bjo.bmj.com/ Downloaded from and 3b). Because of their localisation in the angle, the first new vessels were often seen earlier by gonioscopy than on angiograms. Filling of the radial arteries was often irregular (Fig. 2a) or slow in all arteries (Fig. 3) , and some localised leakage was seen from the radial vessels (Fig. 2c) .
At this stage most of the angle remained open and the intraocular pressure was normal. In 3 eyes, however, neovascular glaucoma developed before progression of rubeosis further along the iris (Fig. 4a, b) . In spite of successful trabeculectomy, rubeosis continued its progression in a few months to grade III (Figs. 4c, d ). All eyes with definite new vessels in the iris also had extensive vascular closure in the retina, and neovascularisation was also found in the fundus either preretinally or on the optic disc.
Grade III. Prominent rubeosis with or without neovascular glaucoma. Arborising new vessels were more prominent and had grown out of the angle covering more of the iris surface (Figs. 3c-f, 4c, d, and 5). New vessels filled in the early arterial phase (Fig. 3c) . In some eyes filling of the radial vessels had further slowed down with the progression of rubeosis, and radial arteries were dilated and leaked fluorescein (Figs. 3e, f) . Thus generalised marked leakage from the main radial vessels was found to precede (Fig. 3f) or coincide with (Fig. 4b) neovascular glaucoma. After normalisation of the intraocular pressure by surgery leakage from the radial vessels decreased (Fig. 4d) . In most eyes with prominent rubeosis, however, radial vessels seemed to be less damaged, and only mild leakage of fluorescein was found (Fig. 5) .
Most eyes with grade II or III rubeosis had dilated vessels around the pupil (Figs. 3 and 4) , but definite new vessels were much less common and less prominent around the pupil than in the chamber angle. Even in some eyes with early neovascular glaucoma there were no certain new vessels except those in the angle (Fig. 4a) . Mild eversion of the pigmented border or slight deformity of the pupil was, however, often noticed.
In the majority of eyes which developed grade III rubeosis and neovascular glaucoma progression of retinal vascular closure had been extremely rapid, preceding development of rubeosis by only a few months.
Grade IV. Florid rubeosis. In the most advanced stages of rubeosis new vessels covered the whole of were smaller in size and leaked less than in the the iris, the result being complete angle closure, earlier active stages of the disease. neovascular glaucoma, and further eversion of the pigmented border of the pupil (Figs. 6a, b ). There Discussion was extensive leakage from the new vessels all over the iris. The first vascular abnormalities in the iris in In longstanding cases new vessels were found to diabetic eye disease are dilated leaking vessels cross the pupillary border (Fig. 7a, b ), but they around the pupil (Jensen and Lundbaek, 1968;  Baggesen, 1969; Friedburg et al., 1973) . In healthy eyes no fluorescein leakage is present, because the endothelial cells of the vessels of the human iris lack fenestrae and seem to be joined by tight junctions (Hogan et al., 1971) . Peripupillary vessel dilatations, however, are not specific for diabetes. Peripupillary vessel tufts have also been described as an isolated finding (Sellman, 1972; Israel and Lorenzetti, 1974) or in association with other diseases like myotonic dystrophy (Cobb et al., 1970) or congenital cyanotic heart disease (Krarup, 1977) . More generalised dilatation and leakage of the peripupillary capillaries are also commonly seen in chronic glaucoma (Vannas, 1969) and in central retinal vein occlusion (Laatikainen and Blach, 1977) .
In this study it appeared that most of the early peripupillary vessel abnormalities in diabetics were dilated pre-existing capillaries that leaked fluorescein rather than newly formed vessels. Peripupillary vessel dilatations were often associated with irregular filling of the radial arteries. These changes were found to occur also in eyes with fairly mild retinopathy without significant retinal vascular occlusion. Therefore peripupillary vessel dilatations do not usually indicate an immediate danger for neovascular glaucoma, which occurs in relation to severe retinopathy.
The other vascular changes or types of neovascularisation were not specific for diabetic eye disease, for similar changes are seen associated with other vascular diseases. In the majority of eyes definite neovascularisation started in the chamber angle, and therefore newly formed vessels were usually seen earlier by gonioscopy than by fluorescein angiography. Only occasionally was neovascularisation found to spread from the pupillary border towards the periphery of the iris.
Together with new vessel formation, radial vessels, particularly arteries, started to leak fluorescein. Similar leakage has been found in the ischaemic type of central retinal vein occlusion (Vannas and Raitta, 1972; Cappin and Whitelocke, 1974; Laatikainen and Blach, 1977) and in a recent central retinal artery occlusion (Kottow, 1976) , indicating the possible effect of posterior segment ischaemia on the iris. Areas of vascular closure comparable to those in the retina were not seen in the iris in any of the patients, although in some eyes filling of the radial arteries was slow. This is in contrast with the findings of Baggesen (1969) , who found that the time between the appearance of fluorescence in the annulus major and at the pupillary border was shorter in diabetics with rubeosis than in nondiabetics. In eyes with high intraocular pressure or soon after a glaucoma attack leakage of the radial vessels was apparently due to local ischaemia of the iris. Similar leakage has also been described after an attack of primary angle-closure glaucoma (Vannas, 1969) . Whether both posterior and anterior segment ischaemia are needed for the development of rubeosis in diabetics remains unknown.
In this series development of neovascular glaucoma was always associated with extensive and rapidly progressing retinal vascular closure. It is well known that many diabetics with retinal vascular closure and proliferative retinopathy do not, however, develop neovascular glaucoma (Madsen, 1971a) . In most diabetics development of occlusive retinopathy is gradual and slow, resulting in progressive atrophy of the retina, which, it seems, does not stimulate new vessel formation as the oedematous hypoxic retina does. This might be the reason for the great difference in the incidence and rapidity of development of rubeosis and neovascular glaucoma in diabetics with proliferative retinopathy and in patients with the ischaemic type of central retinal vein occlusion. In the latter disease one-third of the eyes develop neovascular glaucoma (Laatikainen and Kohner, 1976) . It is possible that a similar incidence would be found in diabetics if only the rapidly progressing cases of occlusive retinopathy were included.
Spontaneous disappearance of iris neovascularisation in diabetics has been reported (Ohrt, 1967; Madsen, 1971a Madsen, , 1971b . In this study it was not seen in any of the untreated eyes. In 2 eyes panretinal photocoagulation was performed after the discovery of iris neovascularisation. In 1 eye progression of rubeosis seemed to be arrested and in the other eye rubeosis disappeared after photocoagulation, supporting the earlier observations of the favourable effect of panretinal photocoagulation on rubeosis iridis (Little et al., 1976; Laatikainen, 1977) . 
